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ABSTRACT KEYWORDS 
People’s attitudes toward mathematics are multifaceted. Across four stud- Attitudes; fractions; 
ies, we found that children and adults have different attitudes about math- individual differences; 


integrated theory of whole 


ematics when asked specifically about whole numbers, as opposed to . 
number and fractions 


fractions. The vast majority of children and adults reported negative atti- deyelopmiene maenianles 
tudes toward fractions despite having positive attitudes toward whole attitudes; mathematics 
numbers. Across both children and adults, the difference in fraction and education; whole 
whole-number attitudes was present across levels of math achievement, number bias 

indicating that it was not just participants who were worse at math whose 

attitudes differed by number type. These findings may have important 

implications for how children and adults engage with numerical informa- 

tion when presented as fractions. 


PEOPLE ENCOUNTER FRACTIONS in many everyday contexts. Reasoning with fractions and 
other ratios underlies common tasks including measuring and scaling (e.g., when calculating a 
discount, measuring a length, or following a recipe) and is often necessary for complex decision 
making (e.g., evaluating health-risk information at the doctor’s office or comparing interest rates 
at the bank). Furthermore, fractions are an essential facet of the development of mathematical 
skills. Fraction proficiency uniquely predicts concurrent academic achievement in the sixth and 
eighth grades (Torbeyns, Schneider, Xin, & Siegler, 2015), students’ readiness to learn Algebra I 
(the “gatekeeper” to higher mathematics; Booth & Newton, 2012), and high school mathematics 
achievement (over and above early whole number skills and general cognitive ability, Siegler 
et al., 2012). Despite their importance, fractions are difficult for children to master (e.g., Siegler, 
Fazio, Bailey, & Zhou, 2013), and these difficulties can persist into adulthood (e.g., Fazio, 
DeWolf, & Siegler, 2016; Opfer & DeVries, 2008). 

Given the importance of fractions in everyday life and mathematics development, a great deal 
of research has focused on the cognitive-developmental aspects of fraction understanding (e.g., 
Fazio, Kennedy, & Siegler, 2016; Fuchs, Malone, Schumacher, Namkung, & Wang, 2016; Hamdan 
& Gunderson, 2017; Siegler et al., 2013; Torbeyns et al., 2015) and adults’ competency with ratios 
in probability tasks (e.g., Cuite, Weinstein, Emmons, & Colditz, 2008; Lipkus, 2007; Sinayev, 
Peters, Tusler, & Fraenkel, 2015; Waters, Fagerlin, & Zikmund-Fisher, 2016). However, students’ 
attitudes toward mathematics in general are tightly linked to their mathematics achievement 
(Denissen, Zarrett, & Eccles, 2007; Ma & Kishor, 1997; Singh, Granville, & Dika, 2002), yet little 
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is known about students’ attitudes toward fractions, specifically. Furthermore, adults need both 
sufficient competence and motivation to use given numeric information to make complex deci- 
sions in everyday contexts (e.g., Etchegary & Perrier, 2007; see also Petty & Brinol, 2014). 

In the current studies, we examined the relationships between the attitudes of children and 
adult toward mathematics in general, their specific attitudes toward highly familiar and well-prac- 
ticed numbers (i.e, whole numbers, Alibali & Sidney, 2015), and their specific attitudes toward 
fractions. People’s specific attitudes toward fractions may predict when and how they engage in 
fraction learning and reasoning in the classroom and in everyday contexts. We sought, as a first 
step toward understanding the role of fraction attitudes in fraction learning and reasoning, to 
examine whether children’s and adults’ attitudes toward fractions diverged from their attitudes 
toward mathematics in general and mathematics with whole numbers. Second, we examined 
whether there was variability in the extent to which children’s and adults’ attitudes concerning 
fractions diverged from their attitudes toward other facets of mathematics. Finally, we examined 
the relationships between children’s and adults’ specific attitudes and other math-related individ- 
ual differences. 


Math attitudes, learning, and proficiency 


Researchers have long been interested in measuring students’ attitudes toward mathematics with 
the goal of better understanding the role of attitudes in children’s mathematics learning (e.g., 
Alken, 1974; Fennema & Sherman, 1976; Neale, 1969). To date, most studies examining children’s 
and adults’ attitudes toward mathematics focus on attitudes toward mathematics in general—for 
example, “How much do you like doing math?” “How important is it to you to get good grades 
in math?” (Cooper, Sidney, & Alibali, 2018; Eccles & Wigfield, 1995). This body of work has 
demonstrated that holding more-positive attitudes toward mathematics in general is related to 
higher general mathematics achievement among children (e.g., Ma & Kishor, 1997; Singh et al., 
2002) and improved learning and problem-solving among adults (e.g., Cooper et al., 2018; 
Hattikudur, Sidney, & Alibali, 2016). Students with more-positive attitudes toward a learning 
domain, or a specific topic, are more interested in new learning (Ainley & Ainley, 2011); take bet- 
ter advantage of cognitive supports during learning and problem-solving (Cooper et al., 2018; 
Hattikudur et al., 2016); and persist in the face of difficulty (Ainley, Hidi, & Berndorff, 2002; 
Pajares & Graham, 1999). 

Little research has directly examined how people’s attitudes toward mathematics in general are 
related to their attitudes about specific facets of mathematics, such as attitudes toward fractions 
or whole numbers. Attitudes more strongly predict specific behaviors when they are measured 
with a comparable level of specificity (e.g., Ajzen & Fishbein, 2005; Davidson & Jaccard, 1979; 
Pajares, 1996; Weigel, Vernon, & Tognacci, 1974). For example, students’ beliefs about solving 
mathematical problems are a better predictor of their actual problem-solving success than beliefs 
about other mathematical activities (Pajares, 1996). Similarly, the first aim of the current research 
was to assess whether children’s and adults’ attitudes toward mathematics differed by number 
type (whole numbers versus fractions versus percentages). If this were the case, then measuring 
mathematics attitudes with greater specificity may better elucidate the relationships between 
children’s and adults’ attitudes about critically important facets of numerical cognition, such as 
fractions, and their developing proficiency in those domains. 

Prior research does suggest that attitudes about academics are multifaceted. In this brief 
review, we have considered “attitudes” in a general sense, however, academic attitudes include 
multiple distinct motivational constructs that predict student behavior in unique ways. In working 
to understand how students’ attitudes toward and beliefs about mathematics affect learning and 
motivation, several researchers examined the factor structures of broad measures of mathematics 
attitudes (Cooper et al., 2018; Eccles, Wigfield, Harold, & Blumenfeld, 1993) and found that these 
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broad measures do indeed include multiple distinct motivational constructs. Attitudes toward 
mathematics include people’s preferences and interest (Ainley et al., 2002), as well as self- 
perceived abilities, expectations of success, and their values (Wigfield & Eccles, 2000). These con- 
structs have different developmental patterns (Eccles et al., 1993) and have separable effects on 
mathematics problem solving (Cooper et al., 2018). For example, Cooper and colleagues argue 
that interest and value beliefs may affect trigonometry problem solving through distinct, though 
overlapping, mechanisms. A full theoretical account of how students’ attitudes toward mathemat- 
ics affects mathematics achievement must attend to these distinct constructs and their individ- 
ual mechanisms. 

However, although these motivational constructs are theoretically and empirically distinct, we 
did not seek to predict behavior from attitudes in the current study. In this first foray into the 
relations between general and specific attitudes about math, we had no specific hypothesis about 
how general and specific attitudes may vary by motivational construct (i.e., interest, perceived 
ability, and value). To adequately represent the overarching construct of attitudes, we included 
questions tapping all three distinct constructs in our measure of mathematics attitudes to capture 
these multiple components of attitudes when examining the relationships between attitudes about 
mathematics in general and attitudes toward specific facets of mathematics. 


Integration of knowledge and attitudes about fractions and whole numbers 


Here, we focus primarily on specific attitudes toward two facets of mathematical knowledge: 
math with fractions and math with whole numbers. The primary reason for focusing on child- 
ren’s and adults’ attitudes toward fractions concerns their importance in the development of 
mathematical skills and in understanding ratios in everyday contexts, as described above. 
Furthermore, we suggest that examining the extent to which people’s attitudes toward fractions 
are similar to or differ from their attitudes toward whole numbers may reveal whether fraction 
and whole-number concepts and beliefs are sufficiently integrated. 

One foundational aspect of mathematics development is understanding the fundamental simi- 
larities between whole-number concepts and fraction concepts (e.g., Fazio, Bailey, Thompson, & 
Siegler, 2014; Siegler, Thompson, & Schneider, 2011). For instance, according to the integrated 
theory of whole number and fractions development (Siegler, 2016; Siegler et al., 2011), one funda- 
mental achievement in mathematics development is realizing that whole numbers and fractions 
represent magnitudes that can be placed together on a single number line. However, children’s 
mathematical reasoning reveals two ways in which their whole-number and fraction concepts are 
poorly integrated: they often incorrectly rely on their whole-number knowledge in mathematical 
tasks (whole-number bias errors, e.g.. Ni & Zhou, 2005), and they sometimes incorrectly treat 
whole numbers and fractions as distinct categories of numbers (Sidney & Alibali, 2015; 
Vamvakoussi, Christou, Mertens, & Van Dooren, 2011; Vamvakoussi & Vosniadou, 2010). 

Whole-number bias errors are errors in reasoning according to which people overextend their 
knowledge of whole numbers in tasks that necessitate knowledge of other types of numbers. 
These errors are pervasive across the lifespan; both adults and children exhibit whole-number 
bias errors in fraction reasoning tasks when they claim that 1/5is greater 1/3 because 5is greater 
than3 (Fazio, DeWolf, et al., 2016; Sidney, Thalluri, Buerke, & Thompson, 2018; Siegler & 
Thompson, 2014; Siegler et al., 2011); when they add across numerators to choose an answer of 
19, or add across denominators to choose an answer of 21 for the problem 12/13+4 7/8 
(Carpenter, Corbitt, Kepner, Lindquist, & Reys, 1980; Lortie-Forgues, Tian, & Siegler, 2015); or 
when they indicate that there is just one fraction, 1/5, that falls between 1/4 and 1/6 (Brown, 
Donovan, & Alibali, 2016; Van Hoof, Verschaffel, & Van Dooren, 2015). Adolescents also demon- 
strate overreliance on whole-number knowledge when asked to think generally about mathemat- 
ics. For example, when eighth grade students were asked to verify arithmetic operation 
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statements containing inequalities (e.g., x+4<.x; x/4<x), they often used substitution to check 
accuracy, but were much more likely to substitute positive whole numbers and almost never 
attempted to substitute zero, rational numbers, or negative numbers into multiplication and div- 
ision equations (Van Hoof, Vandewalle, Verschaffel, & Van Dooren, 2015; Van Hoof, Verschaffel, 
et al., 2015). 

One potential source of such errors stems from people attempting to think about mathematics 
in a general way, wherein their knowledge of natural whole numbers is strongly activated and 
their other mathematical knowledge is not (see Alibali & Sidney, 2015, for a related discussion). 
There is preliminary evidence that some children may view whole numbers and fractions as being 
fundamentally dissimilar or even belonging to two different categories of number, perhaps signal- 
ing poorly integrated knowledge. For example, when asked to order a set of numbers, many 
young children separate natural numbers and fractions into two separate groups rather than 
ordering numbers by their magnitude (Hartnett & Gelman, 1998). Similarly, older children often 
sort arithmetic problems into two groups according to number type (i.e., containing a fraction or 
not) without considering conceptual similarities such as arithmetic operation (Sidney & Alibali, 
2015). Students’ reasoning about numerical density can also differ by the type of numbers they 
are asked to reason about, signaling poorly integrated knowledge (Vamvakoussi et al., 2011)— 
some students who accurately believed that there is an infinite set of numbers between two whole 
numbers still inaccurately believed that there is a finite set of numbers between two fractions. In 
contrast, children and adults who consistently avoid demonstrating the whole-number bias and 
focus less on differences between whole-number and fraction arithmetic (i.e., in a sorting task; 
Sidney & Alibali, 2015) may do so because their whole-number and fraction knowledge are better 
integrated, allowing them to both appreciate the key conceptual similarities between fraction and 
whole number arithmetic and to treat mathematics with all numbers as a single, interrelated 
system of mathematics. 

Although here we argue that the extent to which people’s attitudes about fractions diverge 
from their attitudes toward whole numbers, or math in general, may indicate poorly integrated 
knowledge, it is important to note that attitudes may reflect more than just knowledge. If people 
do hold very different attitudes toward fractions than to other facets of math, or math in general, 
this may reflect the underlying structure of their number concepts (i-e., that fractions knowledge 
is represented separately from other mathematical knowledge). However, it could also reflect 
other aspects of people’s mathematical experience, including perceptions of difficulty. People 
experience persistent difficulty with fractions, as compared to whole numbers (see Fazio et al., 
2014; Thompson & Opfer, 2010; Sidney et al., 2018; and Siegler & Opfer, 2003, for comparative 
evidence from number line estimation). For example, it takes people longer to estimate fractions 
than to estimate whole numbers likely because they are employing strategies for fractions that 
take time to accurately execute. People may be aware of this fluency difference and interpret frac- 
tions as being more difficult because responses are less automatic than for whole numbers. Thus, 
differences in attitudes could be a function of differential difficulty. We investigated this alterna- 
tive hypothesis by examining whether individual differences in performance on fraction and 
whole-number tasks could account for individual differences in the extent to which attitudes 
toward fractions are different from attitudes toward whole numbers. 


Individual differences in students’ attitudes 


In addition to examining the relationships between people’s general attitudes toward math and 
their specific attitudes toward fractions and whole numbers, we sought to explore the relation- 
ships between key individual differences and the nature of people’s attitudes. Here, we focused on 
educational achievement and gender. First, the nature of children’s attitudes toward mathematics 
does change with increased experience in formal schooling across elementary and middle school 
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(Eccles et al., 1993; Wigfield et al., 1991, 1997). Furthermore, a preliminary cross-sectional study 
(Sidney & Alibali, 2015) provided suggestive evidence that students’ number concepts (i.e., whole- 
number and fraction arithmetic concepts) become increasingly integrated with increased educa- 
tional experience. For example, Sidney and Alibali found that although children in sixth grade 
were more likely to differentiate mathematics equations based on number type (i.e., whole-num- 
ber versus fraction equations), adults were more likely to categorize based on operational struc- 
ture (e.g., division equations) without differentiating by number type. Similarly, whole-number 
bias errors also decrease with educational experience (Braithwaite & Siegler, 2018; Vamvakoussi 
& Vosniadou, 2010). Although we did not have a strong hypothesis about how educational 
experience may be related to variability in students’ specific attitudes, we expected that attitudes 
among people with high levels of education should reflect integrated number concepts. 

Furthermore, we sought to explore whether gender would be related to variability in people’s 
specific attitudes given that several academically relevant facets of students’ attitudes, beliefs, and 
motivation appear to differ by gender. Although girls and boys’ mathematics performance tends 
to be similar in early elementary and middle school (Hyde, Fennema, & Lamon, 1990), some fac- 
ets of children’s attitudes toward mathematics often differ by gender at these same ages (Wigfield 
et al., 1997). For example, in their longitudinal examination of children’s mathematics attitudes 
and beliefs, Wigfield and colleagues (1997) found that boys tend to have more-positive beliefs 
about their competence and ability in mathematics than girls, and this difference is stable across 
elementary and early middle school. Gender differences in mathematics performance do emerge 
in high school (Hyde et al., 1990), along with differences in course-taking and career expectations 
that may be shaped, in part, by students’ attitudes (see Halpern et al., 2007). For example, 
Lauermann, Tsai, and Eccles (2017) demonstrated that boys in high school are more likely to 
aspire to math- and science-related careers than girls, even after controlling for mathematics abil- 
ity. Differences in high school course-taking shape later observed differences in women’s and 
men’s pursuit of science- and mathematics-related careers (Webb, Lubinski, & Benbow, 2002). 
Although this prior research reflects a diversity of attitudinal constructs, they all indicate ways in 
which differences between girls’ and boys’ socialization during K-12 education in the United 
States may contribute to less positive attitudes toward math, including self-evaluations of ability 
and expectancies for success, that in turn affects later performance and attainment. Thus, given 
these early gender differences in general mathematics attitudes, we examined whether gender 
plays a role in children’s and adults’ specific attitudes as well. 

Finally, given that students’ middle school fraction understanding uniquely predicts high 
school mathematics achievement above and beyond other facets of children’s mathematics know- 
ledge (Siegler et al., 2012), gender differences in specific attitudes toward fractions could contrib- 
ute to later gender differences in mathematics achievement. Although we did not have a strong 
hypothesis about the role of gender in the relationships between specific attitudes toward frac- 
tions and whole numbers, we sought to explore the role of gender in specific attitudes given the 
prior evidence of gender differences in general mathematics attitudes, beliefs, and performance. 
In doing so, we aimed to contribute to the growing literature that describes gender differences 
that may relate to disparities in socialization between girls and boys. 


Current studies 


Here, we report four studies investigating people’s specific attitudes toward fractions and whole 
numbers. We propose that people’s attitudes toward mathematics may show evidence of poorly 
integrated knowledge; specific attitudes toward fractions may be separable from their attitudes 
toward whole numbers. To measure differences in attitudes by number type, we created the Math 
Attitude Questionnaire to assess attitudes toward mathematics in general, whole numbers specif- 
ically, and fractions specifically. Critically, this measure included multiple motivational constructs 
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that underlie attitudes toward mathematics. In Study 1, we examined attitudes among children in 
the fifth and sixth grades. Fraction symbols are introduced as early as third grade, and fraction 
arithmetic instruction typically begins in fifth grade and continues into sixth grade (see Common 
Core State Standards, National Governors Association Center for Best Practices, Council of Chief 
State School Officers, 2010). Thus, both fifth- and sixth-graders have experience representing and 
solving problems with fractions, but sixth-graders have considerably more experience with frac- 
tions and related math topics. In Studies 2 and 3, we examined attitudes in a sample of adults in 
the community using an online survey. In Study 4, we examined attitudes among college-aged 
adults using an in-person survey. 

First, given the persistent difficulty that people often have with fractions (see Fazio et al., 2014; 
Sidney et al., 2018; Siegler & Opfer, 2003; Thompson & Opfer, 2010), we hypothesized that child- 
ren’s and adults’ attitudes toward fractions would be less positive than their attitudes toward 
whole numbers (Hypothesis [H] 1). We expected differential attitudes toward whole numbers and 
fractions to emerge between fifth and sixth grade, as children gain more experience with fractions 
during intensive fraction arithmetic instruction. Second, we explored the relationships between 
children’s and adults’ specific attitudes about different number types and their general attitudes 
about mathematics. We expected that specific attitudes toward fractions would be related to, but 
distinct from, attitudes toward math in general (H2). 

Third, across Studies 1 and 2 we explored whether variability in the differences between child- 
ren’s and adults’ fraction and whole-number attitudes were related to several key individual dif- 
ferences in mathematics development: mathematics performance or standardized mathematics 
achievement, educational attainment or grade level, and gender (H3). These analyses were strictly 
exploratory, as we had no strong a priori hypotheses; we examined whether individual differences 
in factors related to mathematics attitudes could also elucidate who may be more likely to have 
negative attitudes toward fractions than to have negative attitudes toward whole numbers. 

Finally, in Studies 3 and 4, we aimed to replicate our findings for H1 in two new adult sam- 
ples. In Study 3, we used a revised Math Attitude Questionnaire to better capture the full range 
of attitudes toward fractions and whole numbers and extend our findings to a new, related num- 
ber type: percentages. In Study 4, we aimed to replicate our findings for H1 when specific atti- 
tudes were assessed between, rather than within, subjects. 


Study 1 
Method 


All study procedures were reviewed and approved by the Kent State University institutional 
review board under Protocol #14-471 entitled “Understanding of Rational Numbers.” 


Participants 

Participants were 119 children (45% girls, M age = 11.4 years, SD=1.1 years, 75% non-Hispanic 
White, 4% Hispanic, 1% Black or African-American, 1% East or Southeast Asian, 5% of mixed 
racial descent, and 18% not reported by parent). Children were recruited from both the sixth 
grade (who completed the study in the Fall 2017; n=51) and the fifth grade (who completed the 
study in late Spring 2018; n = 68) from one public intermediate school in [blinded] to assess chil- 
dren at different points during fraction arithmetic instruction. Children in fifth grade participated 
after fraction addition and subtraction with unlike denominators had been introduced in their 
current math classroom but before they completed formal classroom lessons on fraction division. 
Thus, the sixth-graders had more experience with fraction arithmetic instruction than fifth 
graders. Approximately 20% of children at this school qualified for the free and reduced-price 
lunch program. 
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Table 1. Study 1 descriptive statistics and correlations. 


Mean (SD) 1 2 3 4 5 
1. MAQ-General 3.08 (0.61) - - - - - 
2. MAQ-Whole Number 3.19 (0.52) 58 - - - - 
3. MAQ-Fraction 2.66 (0.65) 59 45 - - - 
4. Std. Math Achievement 0 (1.00) 42 33 39 - - 
5. Grade 57% 5th .03 13 —.19 —.23 - 
6. Gender 45% girls 09 06 04 .06 —.08 


Note. Correlation coefficients (in boldface) are significant at p < .05. MAQ scores can range from 1 to 4. 


Written parental consent and child assent was obtained for each child prior to participation. 
Children were recruited as part of a larger study on children’s use of diagrams and completed an 
assessment of their specific math attitudes at the end of an approximately 40-minute individual 
session including another mathematics task involving drawing diagrams to represent fraction 
problems. Each participating child received a $10 gift card at the conclusion of the larger study. 
The sample size was driven by the between-subjects experimental design of the larger study. 


Tasks and procedure 

We designed the Math Attitude Questionnaire (MAQ) to include three sections with five ques- 
tions in each (15 items total). The sections, pertaining to self-perceived ability, preference, and per- 
ceived frequency of use, were designed to reflect the multifaceted nature of attitudes toward 
mathematics (e.g., Cooper et al., 2018; Eccles & Wigfield, 1995), and each included questions 
about mathematics in general, whole numbers specifically, and fractions specifically (see 
Appendix A). Each section began with one question about mathematics in general, then the 
remaining four questions alternated between whole number and fraction questions. Thus, two of 
the remaining four questions within each section asked specifically about whole numbers (e.g., 
How good are you at thinking about how big whole numbers [numbers like 34 or 57] are?) and 
two about fractions (e.g., How good are you at thinking about how big fractions [numbers like 3/ 
4 or 5/7] are?). Examples were consistent across questions to control for familiarity of digits (ie., 
3, 4, 5, and 7). For each question, responses were on a four-point scale with higher scores indicat- 
ing more-favorable attitudes. We calculated children’s attitudes toward mathematics in general as 
an average of their responses to the three general questions on the MAQ (MAQ-General: Items 
G1-G3, Cronbach’s a = .74). Next, we calculated children’s overall attitudes toward fractions as 
an average of their responses to the six fraction questions (MAQ-Fraction: Items F1-F6, 
Cronbach’s a = .82). Finally, we calculated children’s attitudes toward whole numbers as an aver- 
age of their responses to the six whole-number questions (MAQ-Whole Number: Items W1-W6, 
Cronbach’s a = .74). 

Children’s grade, age, gender, and race/ethnicity were reported by parents at time of consent. 
We obtained standardized mathematics achievement data from the previous year’s end-of-year 
assessment for 109 participants; missing data was primarily from children who had not completed 
a standardized assessment since transferring into the district. 


Results and discussion 


Differences in specific attitudes (H1) 

Overall, children’s attitudes toward mathematics were somewhat positive, M=3.08, with more- 
positive attitudes toward whole numbers, M= 3.19, than fractions, M=2.66 (see Table 1). As 
expected, the majority of children (92/119) reported less positive attitudes toward fractions than 
whole numbers (see Table 2). The remaining children reported either equivalent attitudes (4/119) 
or more-positive attitudes toward fractions (23/119). Interestingly, most of the children who 
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Table 2. Distribution of relative attitudes among children and adults. 


Prefers fractions Equal attitudes Prefers whole numbers Total N 
Study 1: 5th Grade 19 (28%) 2 (3%) 47 (69%) 68 
Study 1: 6th Grade 4 (8%) 2 (4%) 45 (88%) 51 
Study 2: Adults 16 (4%) 46 (12%) 309 (83%) 371 
Study 3: Adults 6 (8%) 6 (8%) 64 (84%) 76 


reported more-positive attitudes toward fractions were fifth-graders (19/23), potentially because 
they had not yet been introduced to the most difficult aspect of fraction arithmetic, fraction div- 
ision (Siegler et al., 2011). A dependent samples t test on children’s fraction and whole-number 
attitude scores revealed that their attitudes toward fractions were significantly less favorable than 
their attitudes toward whole numbers, Mpi = —0.53, SE = .06, t(118) = —9.18, p < .001, d= 
—0.89 (Borenstein, 2009; Lenhard & Lenhard, 2016). Since the MAQ includes questions spanning 
multiple distinct constructs (self-perceived ability, preference, and perceived frequency of use), we 
also examined the differences in specific attitudes within each construct. The magnitude of this 
difference was similar within each section (consisting of two items each), ps < .01, demonstrating 
that children believe they are less competent with fractions (Mpiz = —0.49), like fractions less 
(Mpig = —0.53), and believe that fractions are less useful (Mpjg = —0.54) than whole numbers. 
Given the similarities in attitude differences across specific attitude constructs, we do not report 
findings separately by specific construct in subsequent sections within Study 1. 


Relationships with general attitudes (H2) 

We also examined the relationships between children’s general attitudes toward mathematics— 
their average responses to the four general questions on the math attitude questionnaire (MAQ- 
General)—and their specific attitudes toward whole numbers and fractions. Children’s fraction 
attitudes, r=0.59, and whole number attitudes, r=0.58, were correlated with general attitudes 
toward mathematics, ps < .001, and each other, r=0.45. The correlations between specific atti- 
tudes and general attitudes did not differ by number type, z = —.29, p = .83, r-to-z for depend- 
ent correlation coefficients (Lee & Preacher, 2013; Steiger, 1980). Furthermore, in a regression 
model predicting children’s general attitudes (MAQ-General) from fraction attitudes (MAQ- 
Fraction) and whole-number attitudes (MAQ-Whole Number), together, the predictors accounted 
for about half of the variance in general attitudes, total R* = 47%. Additionally, each predictor 
accounted for unique variance in attitudes, ps < .001; whole number attitudes uniquely predicted 
about 12% of variance in general attitudes, b=0.45, AR’? = 12%, and fraction attitudes uniquely 
predicted about 14% of variance in general attitudes, b =0.39, AR? = 14%. Taken together, these 
findings suggest that while children’s attitudes toward fractions and whole numbers are related to 
their attitudes about math in general, neither children’s fraction attitudes nor their whole-number 
attitudes were close to perfectly correlated with their general attitudes, and together fraction and 
whole-number attitudes predicted less than half of the variability in general attitudes. See 
Appendix B for all regression results for all studies. 


Individual differences (H3) 

Finally, we examined whether children’s different attitudes toward fractions and whole numbers 
were related to standardized math achievement, level of current education (ie., grade), and gen- 
der. We conceptualized the difference between children’s attitudes toward fractions and whole 
numbers as a within-subject effect of number type (fractions versus whole numbers) on children’s 
attitude reports and, thus, sought to examine whether achievement, grade, or gender moderated 
this within-subject effect of number type on attitude reporting. In other words, we examined, for 
example, whether the effect of number type on attitude reporting on the MAQ was greater among 
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children in the fifth or in the sixth grade (effect of grade on the number-type effect). To examine 
these interactions, we followed a statistical approach described by Judd, McClelland, and Ryan 
(2009) for examining interactions between a two-level-within-subject variable (number type: frac- 
tions versus whole numbers) and between-subjects predictors within a regression framework. As 
Judd and colleagues demonstrate, the overall effect of a two-level-within-subject variable on a 
continuous dependent variable can be modeled by regression of a difference score variable, com- 
prising the scores from one level subtracted from the scores from the other level, on the depend- 
ent variable. The statistical test of the intercept in such a regression model is equivalent to the 
effect of the within-subject variable on the dependent variable. When a between-subjects predictor 
is added to the regression model, the regression coefficient can be interpreted as the effect of the 
between-subjects predictor on the effect of the within-subject variable; in other words, the test of 
this coefficient is equivalent to testing whether the between-subjects variable moderates the 
within-subject variable (see Judd et al., 2009, Chapters 11 and 12). Note that we did not include 
the distinct attitudinal constructs (self-perceived ability, preference, and perceived frequency of 
use) as a second within-subject variable, because patterns in specific attitudes were similar across 
constructs and we did not aim to examine whether the effects of number type are moderated by 
attitude construct. 

In line with the procedure described by Judd et al. (2009), we examined whether children’s dif- 
ferent attitudes were related to individual differences by regressing difference scores ((MAQ- 
Whole Numbers) — (MAQ-Fractions)) on our predictors: achievement, grade, and gender. 
Greater difference scores reflect more-positive attitudes toward whole numbers relative to atti- 
tudes toward fractions. To further explore differences and similarities across the relationships 
between each predictor and MAQ-Whole Numbers and MAQ-Fractions, we ran two additional 
models regressing MAQ-Whole Numbers and MAQ-Fractions on all predictors. Note that this 
analysis is equivalent to testing the simple effects of each predictor on attitudes for each type of 
number (Judd et al., 2009). Grade was dummy coded, with fifth grade as the reference category; 
gender was coded, with girls as the reference category. The math achievement variable was 
rescaled for interpretation such that M=0, SD=1. Missing achievement data was handled with 
casewise deletion from the analysis. For each analysis, we report unstandardized regression 
coefficients. 


Math achievement 

Children’s overall math achievement did not predict different attitudes, b = —.05, SE=0.06, 
t(104) = —0.78, p = .44, AR* = 1%, controlling for grade and gender. Math achievement was 
related to both fraction attitudes, p < .01, AR* = 13%, and whole number attitudes, p < .01, 
AR? = 14%, such that students with higher levels of math achievement also held more-positive 
attitudes. However, differences in fraction and whole-number attitudes were present across levels 
of math achievement. Students with relatively low achievement in math were just as likely to 
have different attitudes by number type as students with relatively high achievement in math. 


Gender 

Children’s gender also did not predict different attitudes, b= 0.03, SE=0.12, t(104) = 0.28, p = 
.78, AR” = 0%, controlling for achievement and grade level. In other words, girls were just as 
likely as boys to have less positive attitudes toward fractions compared to their attitudes toward 
whole numbers. Furthermore, there was no effect of gender on fraction attitudes or whole-num- 
ber attitudes; girls’ and boys’ attitudes toward fractions were similarly positive, p = .84, AR” = 
0%, and their attitudes toward whole numbers were similarly positive, p = .55, AR’ = 0%. 
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Grade level 

Children’s current grade level however was related to attitude differences, b=0.35, SE=0.12, 
t(104) = 2.83, p = .006, AR? = 7%, such that fifth-graders had considerably smaller attitude dif- 
ferences on average, M = .36, SD = .62, than sixth-graders, M = .75, SD = .57, controlling for 
gender and achievement. As shown in Table 2, one source of this effect is that a greater propor- 
tion of fifth-graders than sixth graders reported more-favorable attitudes toward fractions. 
Furthermore, among those children with more favorable attitudes toward fractions, the magnitude 
of that difference was smaller among sixth-graders, Mpg = 0.21, than fifth-graders, Mpg = 0.35 
(though note that ms are quite low, see Table 2) In contrast, among children who reported less 
favorable attitudes toward fractions, the magnitude of that difference was larger among sixth- 
graders, Mpig = —0.86, than fifth-graders, Mpig = —0.67. These patterns suggest that differences 
in specific math attitudes begin to emerge in the middle grades, as children gain more experience 
with fractions. Many children in fifth grade, who have some formal classroom experience with 
fractions and fraction arithmetic, already have more-negative attitudes toward fractions than 
other, more familiar aspects of math. However, in sixth grade after intensive fraction arithmetic 
instruction has finished, a greater proportion of sixth-graders report negative attitudes toward 
fractions as compared to fifth-graders, p = .01, Fisher’s exact test. 


Study 2 


In Study 2, we adapted the MAQ for use with a large, online sample of adult participants. The 
goal of Study 2 was to assess whether adults, like children, showed differential attitudes toward 
whole numbers and fractions. As with the children, we also explored whether important individ- 
ual differences, such as level of educational attainment and gender, predicted different attitudes 
based on number type. Furthermore, we assessed adults’ fraction and whole-number performance 
with a range of math tasks and with general math anxiety to examine their relationships with spe- 
cific attitudes and to allow us to control for performance and anxiety when estimating relation- 
ships with educational attainment and gender. We added a measure of anxiety given recent 
studies linking adults’ general math anxiety to fraction magnitude comparison and number-line 
estimation performance (Sidney et al., 2018). Finally, we investigated whether specific attitudes 
about fractions uniquely predicted performance on fraction number-line estimation and fraction 
arithmetic (see Supplemental Materials). 


Method 


All study procedures were reviewed and approved by the Kent State University institutional 
review board under Protocol #17-432 entitled “Effects of Attitudes and Emotions about Number 
on Decision-Making.” 


Participants 

The full sample included 374 participants recruited through Amazon’s Mechanical Turk (MTurk) 
who met our inclusion criteria: located in the United States, completion of at least 100 previous 
Human Intelligence Tasks (HITs) on MTurk, and at least 95% approval from other requestors for 
previously completed HITs. Three participants were excluded for poor quality data (see below). 
Of the remaining 371 participants, 54% self-identified as women, 45% identified as men, 1% iden- 
tified as neither or declined to respond. Ages ranged from 21 to 76, M=37.4years, SD=11.4 
years. The sample was 79.9% non-Hispanic White, 5.3% Hispanic, 5.1% Black or African- 
American, 4.5% East or Southeast Asian, and 3.5% of mixed racial descent; 1.6% declined to 
respond. Most participants reported having college experience: 13.9%, a postgraduate degree; 
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47.1%, a college degree; 23.0%, some college experience; 0.8%, post-high school training other 
than college; 11.5% reported having finished high school, 0.3% reported having some high school 
education, and none reported having had fewer than 8 years of education; and 2.7% declined 
to respond. 

Upon accepting the HIT, MTurk workers were given a link to the Qualtrics survey. The survey 
took on average 45 minutes, M=45.21m, SD= 20.92 m. Participants received $6 in their MTurk 
account for completing the survey. 


Design and tasks 

Participants completed a series of tasks on Qualtrics that measured their attitudes, math anxiety, 
and mathematics performance. Participants provided electronic consent and took the survey on 
their own computers or mobile devices. The survey included four sections: (a) attitudes and math 
anxiety, (b) mathematics performance, (c) decision-making, and (d) demographic characteristics. 
Attitude, anxiety, and performance measures were always completed in the first two sections; half 
of the participants were randomly assigned to complete the attitude and anxiety measures first. 
The primary goal of this study was to examine relationships between our math attitude question- 
naire (see below), anxiety, and performance and the secondary goal was to pilot new rational- 
number-decision-making tasks. Here, we report our results with a subset of attitude, anxiety, per- 
formance, and demographic measures. 


Math attitude questionnaire 

The MAQ from Study 1 was adapted for use with adults. The ability section was identical to the 
child version of the survey. In the preference section, children were asked about liking learning 
adults were asked about thinking. In the frequency section, children were asked about use outside 
of school and asked to predict usefulness as an adult; adults were asked about work. Finally, we 
include a new section on the adult questionnaire assessing adults’ perceived importance of math 
in general, of fractions, and of whole numbers (see Appendix A). The reliability of the expanded 
adult questionnaire was higher than the child version for each component: general attitudes 
(MAQ-General: Items G1-G4, Cronbach’s a = .75), fraction attitudes (MAQ-Fraction: Items 
F1-F8, Cronbach’s a = .91), and whole-number attitudes (MAQ-Whole Number: Items W1-W8, 
Cronbach’s a = .87). 


Math anxiety measure 

To measure math anxiety, participants were asked, “On a scale of 1 to 10, with 10 being the most 
anxious, how math anxious are you?” (Ashcraft, 2002). Response options ranged from 1 (not anx- 
ious) to 10 (very anxious). 


Whole-number competence 

We measured two aspects of participants’ whole-number competence: understanding of numerical 
magnitude and arithmetic knowledge. Numerical magnitude understanding was assessed with a 
number-line task adapted from Landy, Charlesworth, and Ottmar (2017) and Opfer and Siegler 
(2007). In 22 trials, participants placed a number on a number line ranging from 0 to 1 billion 
(e.g., Landy et al., 2017). The set of 22 numbers was created by multiplying the set of numbers 
used in Opfer and Siegler (2007) in Experiment 1, which included numbers between 0 and 1,000, 
by 1,000,000. Numbers ranged from 2 million to 948 million. In the number-line task, partici- 
pants’ performance was assessed by calculating percent absolute error (PAE = (|Participants’ 
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Answer — Correct Answer|)/Number Line Scale) x 100. For each participant, we averaged PAEs 
across all 22 trials; lower PAEs indicated smaller deviation from the correct location on the line. 

We measured participants’ whole-number arithmetic performance with the Calculation 
Fluency Test (Sowinski, Dunbar, & LeFevre, 2014), which measures the number of two-digit 
whole-number arithmetic problems completed within three minutes. The assessment included 180 
problems: 60 addition, 60 subtraction, and 60 multiplication. Participants answered as many 
problems as they could in each section within one minute. Participants’ scores were the total 
number of problems completed correctly. 


Fraction performance 

As with whole-number performance, we measured participants’ understanding of fraction magni- 
tudes and knowledge of fraction arithmetic. Fraction magnitude understanding was measured 
with two number-line tasks, a 0 to 1 number-line task adapted from Siegler and Thompson 
(2014) and a 0 to 5 number-line task adapted from Fazio, DeWolf, et al. (2016). For each task, 
we calculated participants’ average PAE, as described above. Additionally, we administered a frac- 
tion magnitude comparison task, adapted from Fazio, DeWolf, et al. (2016), in which participants 
were presented with two fractions and asked to choose the larger one; percent accuracy 
was calculated. 

We measured participants’ fraction arithmetic performance across 24 fraction arithmetic prob- 
lems. Participants completed six problems in each of four sections: addition, subtraction, multipli- 
cation, and division. Participants were given three minutes to solve each set of six problems. Two 
problems in each section involved two fraction operands (stimuli from Siegler et al., 2011) and 
four problems involved a whole number and a fraction (stimuli from Sidney & Alibali, 2017). 
Participants’ scores were the total number of problems completed correctly. 


Demographic information 

At the end of the survey, participants reported their age, gender (coded as male identity or not, 
such that the two participants who reported nonbinary identities are categorized with the 
women), race/ethnicity, and highest grade or level of education completed (1 = less than 8 years, 
2 = 8-Il years, 3 = 12years or completed high school, 4 = post-high school training other than 
college, 5 = some college, 6 = college graduate, 7 = postgraduate [treated as a continuous variable 
in the analysis]). 


Exclusion criteria 

We evaluated participants’ engagement in the tasks. On the number-line tasks, participants whose 
standard deviation was less than 10% of the length of the number line were flagged as responding 
with a similar location to all stimuli. On the arithmetic-knowledge tasks, participants who gave 
no responses or who correctly answered all questions on the Calculation Fluency Test were 
flagged. No participants correctly answered all questions on the Calculation Fluency Test, which 
helps to rule out the likelihood of calculator use on performance tasks. On the magnitude com- 
parison task, participants who chose the option presented on one side of the screen in at least 27 
out of 32 trials were flagged. Three participants were flagged in at least four of six tasks and were 
excluded from analysis. 


Results and discussion 


Overall, participants’ attitudes toward mathematics were somewhat positive, with more positive 
attitudes toward whole numbers than fractions (see Table 3 for means, SDs, and correlations 
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Table 3. Study 2 descriptive statistics and correlations. 


Mean (SD) 1 2 3 4 5 6 7 8 9 10 11 
1. MAQ-General 2.69 (0.67) - - - - - - - - - - = 
2. MAQ-Whole Number 2.74 (0.66) 86 - - - - - - - - - - 
3. MAQ-Fraction 2.15 (0.72) 78 76 - - - - - - - - = 
4. Math Anxiety 5.32 (2.87) -60 -—.53 —.55 - - - - - - - - 
5. Whole Number Magnitude PAE = 12% (117%) -—.21) -—.21  —.15 24 - - - - - - - 
6. Fraction Magnitude PAE (0-1) 8% (7%) =—22 —.22 —.17 .26 43 - - - - - - 
7. Fraction Magnitude PAE (0-5) 14% (10%) -—.38 —.37 —.37 39 37 66 - - - - - 
8. Fraction Magnitude Comparison 86% (78%) .29 32 28 —.35 -44 -—.72 -62 - - - - 
9. Whole Number Arithmetic 26.70 (12.36) A1 37 34 -—.32 -.26 -.30 -.39 31 - - = 
10. Fraction Arithmetic 3.60 (7.16) 42 38 41 -—47 -.35 -.50 -.60 52 43 - - 
11. Highest Level of Education 5.52 (1.14) .23 21 29 -—.18 -.01 -.01 -.112 10 09 7) - 
12. Gender 54% women 09 .06 18 -—.17) —.22 -.07  -.11 17. 12.14.03 


Note. Correlation coefficients (in boldface) are significant at p < .05. MAQ scores can range from 1 to 4. 


among variables). Participants’ performance on the fraction magnitude tasks was in line with 
prior work, suggesting that participants in the MTurk sample put forth an amount of effort simi- 
lar to other samples from the literature. Average fraction number-line estimation performance in 
the 0-5 range from the current MTurk sample (see Table 3) was similar to performance in prior 
college student samples (PAE = 10%, Fazio, DeWolf, et al., 2016; PAE = 12% and 14%, Sidney 
et al. 2018) as was magnitude-comparison accuracy (M=96%, Fazio, DeWolf, et al., 2016; 
M=91% and 91%, Sidney et al., 2018). 


Differences in specific attitudes (H1 and H2) 

First, we examined whether adults’ attitudes toward fractions were reliably less positive than their 
attitudes toward whole numbers (H1). As with the children, the vast majority of adults (306/371) 
reported less positive attitudes toward fractions than whole numbers. Some adults’ (46/371) scores 
on fraction questions were equal to their scores on whole-number questions, and some adults 
(16/371) reported more-positive attitudes toward fractions than whole numbers (Table 2). We 
tested whether adults’ fraction attitudes differed from their whole-number attitudes with a 
dependent samples ¢ test. Indeed, in line with the attitudes among children, adults’ attitudes 
toward fractions, M= 2.15, were significantly less positive than their attitudes toward whole num- 
bers, M= 2.74, Mpigg = —0.59, SE= 0.03, t(370) = —23.45, p < .001, d = —0.84. Again, we exam- 
ined the patterns of attitudes within each specific construct (self-perceived ability, preference, 
perceived frequency of use, and perceived importance). The observed pattern held within each 
section (consisting of two items each), ps < .001, demonstrating that adults believe they are less 
competent with fractions than with whole numbers (Mpjg = —0.70), report liking fractions less 
than whole numbers (Mpig = —0.53), believe that they use fractions less often (Mpig¢ = —0.78) 
and believe that fractions are less important for being accurate when using mathematics in every- 
day life (Mpig = —0.34). Again, given the similarities in attitude differences across specific atti- 
tude constructs, we do not report findings separately by specific construct in subsequent sections 
within Study 2. 

Second, we examined the relationships between adults’ general attitudes toward mathematics 
and their specific attitudes toward whole numbers and fractions. Both fraction attitudes, r= 0.78, 
and whole-number attitudes, r= 0.86, were significantly correlated with general attitudes toward 
mathematics. However, contrary to results for the children in Study 1, in which fraction and 
whole number attitudes were similarly correlated with general math attitudes, among adults the 
correlation of general math attitudes with whole numbers was significantly larger than the correl- 
ation with fractions, z=4.54, p < .01, r to z for dependent correlation coefficients (Lee & 
Preacher, 2013; Steiger, 1980). 
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In a regression model predicting general attitudes (MAQ-General) from fraction attitudes 
(MAQ-Fractions) and whole-number attitudes (MAQ-Whole Number) separately, both predictors 
accounted for unique variance in attitudes, ps < .01, and together accounted for most of the vari- 
ance, total R* = 78%. This suggests that when we asked adults about their mathematics attitudes, 
in general, their responses draw on their attitudes about whole numbers, fractions, and likely 
other aspects of mathematics. However, in contrast to results for the children, the relationship 
between whole-number attitudes and general mathematics attitudes among adults was stronger, 
b=0.63, AR* = 17%, than the relationship between fraction attitudes and general mathematics 
attitudes, b=0.29, AR* = 4%. Taken together, these results suggest that when asked about their 
attitudes toward mathematics, such as how they feel about mathematics and how much they like 
mathematics, adults may be thinking more about whole numbers than fractions. 


Individual differences (H3) 

Third, we examined whether different attitudes toward fractions and whole numbers were related 
to math performance, math anxiety, level of education, and gender. As in Study 1, we conceptual- 
ized differential attitudes as the within-subject effect of number type on attitude responses and 
employed a procedure described by Judd et al. (2009) for examining the moderating effects of 
between-subjects predictors on a two-level, within-subject factor. We did this by regressing differ- 
ence scores ((MAQ-Whole Numbers) — (MAQ-Fractions)) on all of our predictors: math anxiety; 
the two whole-number performance measures; the four fraction performance measures; level of 
education; gender; and order condition (attitude measures first or performance measures first). 
This analysis allowed us to examine whether variability in the magnitude of the difference 
between adults’ whole-number and fraction attitudes was related to variability on each individual 
difference variable. 

Given the inclusion of multiple, overlapping predictors (see Table 3 for correlations), we 
assessed the multicollinearity of our predictors. VIF values ranged from 1.03 to 2.69, with the 
greatest overlap across the fraction predictors (VIFNio1 = 2.69, VIFNros = 2.33, VIFMagcomp = 
2.47, VIF prarith = 1.94), suggesting low-to-moderate correlations across these predictors that all 
measure fraction-magnitude knowledge to some degree (see Sidney et al., 2018; Siegler et al., 
2011). Due to this overlap, we do not interpret the effects of individual performance measures; 
instead, we assess “whole number performance” and “fraction performance” as a set of predictors 
using comparison of nested models. Missing data was handled with casewise deletion from the 
analysis. For each analysis, we report unstandardized regression coefficients. 


Order condition 

First, we examined whether there were effects of our task-order manipulation. Different attitudes 
toward fractions and whole numbers were not related to order condition, b=0.04, SE=0.05, 
(350) = 0.88, p = .38. Both whole-number attitudes, b = 0.24, SE= 0.06, t(350) = 4.30, p < .001, 
and fraction attitudes, b= 0.20, SE= 0.06, t(350) = 3.27, p = .001, were more positive when atti- 
tudes were assessed before performance. In other words, completing mathematics tasks first 
caused adults to report less positive attitudes toward mathematics across both number types and 
did not differently affect whole-number and fraction attitudes. 


Performance 

The difference score analysis revealed that neither whole-number performance, F(2, 350) = 2.25 
(comparison of nested models), p = .11, nor fraction performance, F(4, 350) = 1.25 (comparison 
of nested models), p = .29, predicted different attitudes toward fractions and whole numbers. 
Indeed, both whole-number performance, F(2, 350) = 5.97, p = .003, AR* = 2%, and fraction 
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performance, F(4, 350) = 3.41, p = .009, AR* = 2%, were significantly related to adults’ whole- 
number attitudes (MAQ-Whole Numbers). Both whole-number performance, F(2, 350) = 3.77, 
p = 02, AR? = 1%, and fraction performance, F(4, 350) = 3.78, p = .005, AR? = 3%, were 
significantly related to adults’ fraction attitudes (MAQ-Fractions). In general, participants with 
higher performance on whole-number and fraction tasks had more-positive attitudes about whole 
numbers and fractions. Together with the difference-score analysis, this suggests that adults’ less 
positive attitudes toward fractions relative to whole numbers cannot be attributed to differences 
in mathematics performance. 


Math anxiety 

The difference-score analysis also revealed that adults’ math anxiety did not predict different atti- 
tudes toward fractions and whole numbers, b = .01, SE=0.01, #(350) = 1.13, p = .26. Indeed, 
math anxiety predicted both whole-number attitudes, b = —0.09, SE=0.01, t(350) = —7.78, p < 
.001, AR? = 10%, and fraction attitudes, b = —0.10, SE=0.01, (350) = —8.15, p < .001, AR? = 
11%. In both cases, adults who reported greater math anxiety also reported less positive attitudes 
toward mathematics, regardless of number type. 


Education 

Different attitudes toward fractions and whole numbers were uniquely predicted by level of edu- 
cation, b = —0.05, SE=0.02, t(350) = —2.15, p = .03, AR? = 1%. In other words, controlling for 
performance, anxiety, gender, and order condition, participants with more years of education had 
smaller differences between (i.e., more similar) whole-number and fraction attitudes. Education is 
related to adults’ whole-number attitudes, b=0.06, SE=0.02, (350) = 2.53, p = .01, AR? = 1%, 
and fraction attitudes, b=0.11, SE=0.01, t(350) = 4.13, p < .001, AR* = 3%. Together, these 
results suggest that although continued education is related to more-positive attitudes toward 
both whole numbers and fractions, continued education is more strongly related to fraction atti- 
tudes than whole number attitudes and is thus related to a smaller “gap” between attitudes 
toward fractions and whole numbers. 


Gender 

In contrast to the findings with children, different attitudes toward fractions and whole numbers 
were uniquely predicted by gender, b = —0.18, SE=0.05, (350) = —3.45, p < .001, AR* = 3%. 
The gender difference in whole-number attitudes, b = —0.06, SE=0.06, t(350) = —1.05, p = .29, 
was smaller than the gender difference in fraction attitudes, b=0.11, SE=0.06, t(350) = 1.87, 
p = .06. Together, these findings reveal that women are more likely than men to hold different atti- 
tudes, and this can be partially attributed to less positive attitudes toward fractions among women 
than among men. Importantly, these analyses control for mathematics performance and anxiety. 
The findings suggest that, given a man and a woman with equal mathematics performance and 
anxiety, the woman may be more likely to hold negative attitudes specifically toward fractions. 


Study 3 


Study 3 had two aims. First, we aimed to replicate our findings that adults held different attitudes 
about fractions and whole numbers (H1) in a second sample with an adapted version of the 
Math Attitude Questionnaire. One limitation of the MAQ used in Studies 1 and 2 was that the 
four response options (e.g., not at all good, OK, good, very good) asked only about the extent of 
positive attitudes (e.g., OK, good, very good) and absence of positive attitudes (e.g., not at all 
good), rather than directly asking about negative attitudes. We decided not to measure explicitly 


16 () P.G. SIDNEY ET AL. 


negative attitudes toward math in children because we did not want to suggest to children that 
they could or should “hate math” or identify as “very bad” at math at a time when their attitudes 
toward math, fractions, and whole numbers may still be developing (see Gunderson, Ramirez, 
Levine, & Beilock, 2012, for a review). However, using the MAQ from Studies 1 and 2, we could 
not differentiate whether participants’ less positive ratings for fractions reflected truly negative 
attitudes. This distinction is important because negative attitudes may be more detrimental to 
people’s engagement in math tasks than less positive attitudes. Thus, in Study 3, we changed the 
response options to a six-point scale (e.g., very bad, bad, slightly bad, slightly good, good, very 
good) so that we could explicitly ask adults about their negatively valenced attitudes (e.g., very 
bad, bad, slightly bad), rather than an absence of their positive attitudes. Conceptually, we choose 
these options to retain three levels of positive attitudes and substituted three levels of negative 
attitudes for the leftmost endpoint of the original scale (e.g., not at all good). 

Second, in Study 2, we found that the relationship between whole-number attitudes and general 
attitudes was stronger than the relationship between fraction attitudes and general attitudes among 
adults. These findings were in line with whole-number bias studies suggesting that when adults are 
asked about math in general, whole numbers are the types of numbers that likely come to mind (e.g., 
Van Hoof, Vandewalle, et al., 2015). In Study 3, we extended the question of whether asking partici- 
pants about general attitudes captured some variability in their attitudes toward any number types 
other than whole numbers by examining attitudes toward percentages. Percentages are also common 
in daily life (e.g., 25% off sale) and central to other measures of adults’ mathematics self-perceived abil- 
ity, preference, and values (Fagerlin et al., 2007). Because of the dearth of developmental research on 
children and adults’ understanding of percentages (see Tian & Siegler, 2018), it was unclear whether 
people would consider percentages to be more similar to whole numbers because of their perceptual 
similarities (e.g., 25% and 25 involve the same numerals) or to fractions because of their conceptual 
similarities (e.g., 1/4 and 25% are equivalent). 

Our primary aim for Study 3 was to replicate H1 and H2, so we set our sample size to have 
adequate power to test the differential attitudes between whole numbers and fractions (H1) and 
the r to z transformation analyses (i.e., Is the correlation between whole number attitudes and 
general attitudes stronger than the correlation between fraction attitudes and general attitudes?; 
H2). Thus, we focus on relationships between fraction and whole-number attitudes and do not 
report relationships with the individual differences variables mentioned in Study 1 (e.g., gender, 
educational attainment, math anxiety, competency) because we did not power for these analyses. 


Method 


All study procedures were reviewed and approved by the Kent State University Institutional 
Review Board under Protocol #17-432 entitled “Effects of Attitudes and Emotions About Number 
on Decision-Making.” 


Participants 

The full sample included 76 participants recruited through Amazon’s MTurk who met the same 
inclusion criteria as described in Study 2. Participants who completed Study 2 were not eligible to 
complete Study 3. Applying the criteria described in Study 2, no participants were excluded for 
poor quality data. In this sample, 30 participants self-identified as women and 46 identified as 
men. Ages ranged from 18 to 68, M=37.5 years, SD=11.7 years. The sample was 78.9% non- 
Hispanic White, 3.9% Hispanic, 3.9% Black or African-American, 5.3% East or Southeast Asian, 
and 6.6% of mixed racial descent; 1.3% declined to respond concerning race/ethnicity. In terms 
of educational experience the sample was similar to the Study 2 sample. As in Study 2, partici- 
pants received $6 in their MTurk account after completing the survey. 
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Table 4. Study 3 descriptive statistics and correlations. 


Mean (SD) 1 2 3 4 5 6 7 8 9 10 11 
1. MAQ-General 3.84 (1.07) - - - - - - - - - = = 
2. MAQ-Whole Number 4.14 (1.04) 87 - - - - - - - - - - 
3. MAQ-Fraction 2.86 (1.14) 73 53 - - - - - - - = = 
4. MAQ-Percentage 3.72 (1.14) 83 80 .73 - - - - - - - - 
5. Math Anxiety 6.01 (3.04) -—.58 —.50—.50 —.58 - - - - - = = 
6. Whole Number Magnitude PAE 9% (9%) -.25 —.21 —.24 —.35 .23 - - - - - - 
7. Fraction Magnitude PAE (0-5) 13% (10%) -—41 —.33 —.43 -A1 43 53 - - - = = 
8. Fraction Magnitude Comparison 84% (27%) .29 .26 .28 36 —.39 —-48 -.58 - - - - 
9. Whole Number Arithmetic 26.79 (9.98) 34 30 39 41 -40 -.33 -—43 324 - - - 
10. Fraction Arithmetic 3.62 (1.84) 46 43 Al 45 -49 —-44 -.58 45 34 - - 
11. Highest Level of Education 5.32 (1.13) 05 03.21 17° —.18 -—.35 -.20 .00 09 20 - 
12. Gender 39% women 30 26 .22 37 -—42 -.25 -.21 24 .18 .13 .13 


Note. Correlation coefficients (in boldface) are significant at p < .05. MAQ scores can range from 1 to 6. Fraction Magnitude 
(0-1) was not administered in Study 2. 


Design and tasks 
Participants completed a subset of the Qualtrics survey questions used in Study 2: attitudes and 
math anxiety, mathematics performance, and demographic characteristics. The MAQ used in 
Study 3 had three main differences: (a) participants rated their responses on a six-point scale 
instead of a four-point scale; (b) participants rated their attitudes about percentages in addition 
to mathematics in general, whole numbers, and fractions (percentage questions always followed 
fraction questions within each subsection of the MAQ, see Appendix A); and (c) all participants 
received performance tasks before attitude tasks, given that order did not affect the relationship 
between whole-number and fraction attitudes. As in Studies 1 and 2, we calculated participants’ 
attitudes toward mathematics in general (MAQ-General: Items G1-G4, Cronbach’s a = .79), 
participants’ attitudes toward fractions (MAQ-Fraction: Items F1-F8, Cronbach’s a = .90), and 
participants’ attitudes toward whole numbers (MAQ-Whole Number: Items W1-W8, Cronbach’s 
a = .89). Additionally, we calculated participants’ attitudes toward percentages as the average of 
participants’ attitudes on the eight percentage questions (MAQ-Percentage: Items P1-P8, 
Cronbach’s a = .91). 

Performance measures were always completed before the attitudes and anxiety measure 
because we found that there was no effect of order in Study 2 on the relationship between partic- 
ipants’ whole-number and fraction attitudes. 


Results and discussion 


Attitudes differences (H1) 

Participants’ attitudes toward mathematics in general were somewhat positive, with positive 
attitudes toward whole numbers and percentages and negative attitudes toward fractions, on 
average (see Table 4 for means, SDs, and correlations among variables). 

As in Studies 1 and 2, the vast majority of participants (64/76) reported less positive attitudes 
toward fractions than whole numbers (see Table 2). Of this subset, most (39/64) held positive 
attitudes toward whole numbers and negative attitudes toward fractions. As in Studies 1 and 2, 
the remaining participants (12/76) reported either equivalent attitudes or more-positive attitudes 
toward fractions. Among participants whose attitudes were “mixed” (positive attitudes toward 
one number type and negative attitudes toward another), all held negative attitudes toward frac- 
tions despite reporting positive attitudes toward whole numbers (see Table 5). 

We examined each pairwise comparison between responses to questions with each number 
type (fraction, whole numbers, and percentages) with a dependent samples t test. Adults’ attitudes 
toward fractions were significantly less favorable than their attitudes toward whole numbers, 
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Table 5. Relative attitudes toward fractions and whole numbers. 


Relative Attitude Both Negative Mixed Both Positive Total 
Prefers Fractions n=2 n=0 n=4 n=6 
Fraction = Whole Number n=4 - n=2 n=6 
Prefers Whole Numbers n=11 n= 39 n=14 n=64 


Note. Mixed = positive attitudes toward one number type with negative attitudes toward another (when fraction and whole 
number attitudes are equivalent, mixed attitudes cannot be observed). No participant reported negative attitudes toward 
whole numbers with positive attitudes toward fractions. 


Mpigg = —1.29, SE=0.12, (75) = 10.60, p < .001, d = —1.18, and attitudes toward percentages 
were significantly less favorable than attitudes toward whole numbers, Mpig = —0.42, t(75) = 
5.26, SE=0.08, p < .001, d = —0.35. Furthermore, participants’ attitudes toward fractions 
were significantly less favorable than their attitudes toward percentages, Mpig = —0.87, SE= 0.10, 
(75) = 9.03, p < .001, d = —0.76. Notably, the effect size estimates indicate that the difference 
between fraction and whole number attitudes in Study 3 was greater than in Study 2. This sug- 
gests that the six-point scale allowed us to measure greater differences between fraction and 
whole-number attitudes, as we had aimed to do. As in Studies 1 and 2, attitude differences 
between whole-number and fraction items were similar across attitude constructs, self-perceived 
ability, Mpig = —1.38, preference, Mpig = —1.18, frequency of use, Mpig = —1.56, and perceived 
importance, Mpg = —1.03. 

Second, we aimed to replicate our finding (H2) from Study 2 that adults’ general attitudes 
toward mathematics were more closely related to adults’ attitudes toward whole numbers than to 
adults’ attitudes toward fractions. As in Study 2, both fraction attitudes, r= 0.73, and whole-num- 
ber attitudes, r= 0.87, were significantly correlated with general attitudes toward mathematics. 
However, the correlation with whole numbers was significantly larger, z= 2.77, p < .01, r to z for 
dependent correlation coefficients (Lee & Preacher, 2013; Steiger, 1980). Adults’ attitudes toward 
percentages were also closely related to both general attitudes, r= 0.83, and whole-number atti- 
tudes, r= 0.80, suggesting the possibility that adults think about percentages as being highly simi- 
lar to whole numbers. The correlation between percentage attitudes and general attitudes was not 
significantly different than the correlation between whole number and general attitudes, z= 1.20, 
p = .23. 

Finally, we fit a regression model predicting general attitudes (MAQ-General) from fraction 
attitudes (MAQ-Fraction) and whole-number attitudes (MAQ-Whole Number) separately. Both 
predictors account for unique variance in attitudes, ps < .001, and together account for most of 
the variance, total R* = 85%. However, as in Study 2, the relationship between whole-number 
attitudes and general mathematics attitudes was considerably stronger, b = 0.69, AR? = 32%, than 
the relationship between fraction attitudes and general mathematics attitudes b=0.36, AR? = 
10%. Adding adults’ attitudes toward percentages explains no additional variance; adults’ percent- 
age attitudes did not have any unique relationship with their general attitudes over and above 
the other predictors, whole number: b= 0.62, p < .001, AR? = 13%; fraction: b= 0.31, p < .001, 
AR? = 5%; percentage: b= 0.10, p = .24, AR” = 0%. 


Study 4 


Although we found in Studies 1, 2, and 3 that both children and adults have less positive atti- 
tudes toward fractions than whole numbers, we considered the possibility that differences in atti- 
tudes were at least in part a function of the order of items within the MAQ. One possibility is 
that participants rated fractions differently than whole numbers simply because questions that dif- 
fered only by number type (e.g., about fractions versus about whole numbers) appeared together 
in a fixed order within the MAQ. To examine this possibility, we administered a portion of the 
MAQ to college-aged adult participants (age range: 18 to 25 years, Mage = 19.24 years, SD=1.54y; 


THE JOURNAL OF EXPERIMENTAL EDUCATION 19 


80% women; 76% White) who were recruited through psychology courses at a selective university 
in the southeastern United States. 

Participants rated their attitudes at the end of another study about adults’ diagram drawing. 
The tasks in the other study were similar to the tasks completed by children in Study 1 prior to 
receiving the MAQ and involved drawing diagrams to represent fraction division problems. 

Some (n= 43) participants answered only MAQ questions about whole numbers, and other 
participants (n= 33) answered only MAQ questions about fractions. Each group answered ques- 
tions just about self-perceived ability and preference on the same six-point scale used in Study 3. 
Because each group received questions about only one number type, this provides a more strin- 
gent test of whether adults’ attitudes toward fractions are reliably more negative than their atti- 
tudes toward whole numbers. 

Indeed, even when number type was manipulated across participants, rather than within par- 
ticipants, adults’ attitudes toward fractions were less positive than their attitudes toward whole 
numbers, Meractions = 3-49; Mwhote Numbers = 4-76, Mpigg = —1.26, SE= 0.24, t(74) = 5.23, p < 


.001, d = —1.22. Thus, the magnitude of mean differences between adults’ attitudes toward frac- 
tions and whole numbers was similar to differences observed with the same scale in Study 3 
(Mpig = —1.29). As in Study 3, attitude differences were observed for each measured attitude 


construct, self-perceived ability, Mpig = —1.04, and preference, Mpig = —1.49. 

Thus, it does appear that differential attitudes toward fractions and whole numbers is not the 
result of a demand characteristic of the MAQ, which juxtaposes questions about whole numbers 
and questions about fractions within the same scale. Our results suggest that fractions attitudes 
were not rated less favorably than whole numbers just because participants saw both types of 
questions together within the same scale and inferred that they should respond differently to each 
type of question. However, there are some important limitations to consider when comparing the 
findings from the adults in Study 4 to the adults in Studies 2 and 3. In contrast to Studies 2 and 
3, we did not recruit a community sample. Thus, the adults in Study 4 differ in many ways from 
the adults in Studies 2 and 3, including distributions of age, gender, and educational attainment. 
Their higher levels of education (ie., all currently enrolled at a selective university) may be one 
reason why they held more-positive attitudes toward both fractions and whole numbers, though 
the “gap” in attitudes was similar in magnitude. Finally, all participants rated their attitudes after 
completing a challenging fraction problem-solving task, so this may have negatively impacted 
their attitudes about fractions. However, results from Study 2 (see “Order condition” section 
above) suggest that this is unlikely to be the case since both whole-number and fraction attitudes 
were less positive after completing earlier math tasks than if rated before math tasks 
were completed. 


General discussion 
Early-emerging differences in specific attitudes (H1) 


Across four studies, we found that both children and adults often held less favorable attitudes 
toward fractions than whole numbers. They believed they were less competent with fractions, 
they reported that they liked fractions less, and they thought fractions were less important and 
useful in daily life than whole numbers (Studies 1, 2, and 44) and percentages (Study 3). 
Furthermore, in Study 3, we demonstrated that adults’ fraction attitudes were not just less posi- 
tive, but quite negative, despite many adults holding positive attitudes toward whole numbers. In 
Study 4, we demonstrated that the observed differential attitudes were not simply a function of 
sequentially answering questions about fractions after questions about whole numbers (and thus 
likely directly contrasting the different types of numbers), suggesting that our findings in Studies 
1, 2, and 3 reflect true differences in people’s attitudes toward fractions and whole numbers. 
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Importantly, the fifth- and sixth-graders who participated in our research had differing 
amounts of formal fraction arithmetic experience, yet even the fifth-graders who had less formal 
fraction arithmetic experience already showed differential attitudes between whole numbers and 
fractions. However, the differences in attitudes were significantly greater among children in sixth 
grade. Not only was the average difference between whole-number and fraction attitudes larger 
among sixth-graders than fifth-graders, but many more sixth-graders held differential attitudes. 
That is, sixth-graders were more likely to hold very positive attitudes toward whole numbers, and 
math in general, but held considerably less positive attitudes toward fractions. The magnitude of 
the difference between participants’ whole-number and fraction attitudes was quite similar among 
children and adults who held less favorable attitudes toward fractions. 

The specific direction of the differences between whole-number attitudes and fraction atti- 
tudes—that people feel more negatively toward fractions—may have significant developmental 
and practical implications. Developmentally, negative attitudes toward fractions are concerning 
because of the importance of fraction understanding in mathematics development and higher 
educational attainment more broadly: Early fraction learning is a critical predictor of success in 
algebra (Siegler et al., 2012), the “gatekeeper” to higher mathematics (Booth & Newton, 2012). 
Although lower mathematics achievement was related to less positive attitudes overall, we did not 
find that children’s relative mathematics achievement before beginning fraction instruction pre- 
dicted different attitudes toward fractions and whole numbers at the end of the school year. 
More research is necessary to determine whether the attitude differences that emerge in sixth 
grade contribute to poorer fraction competency at the end of sixth grade and, in turn, less success 
in later grades. 

These findings also have important implications for how we assess attitudes toward mathemat- 
ics in contexts with and without fractions and other rational numbers. One fortunate implication 
of the high correlation between whole number and fraction attitudes is that when researchers ask 
adults about their mathematics attitudes, which are closely aligned with whole-number attitudes, 
they can capture some of the variability in adults’ attitudes toward fractions as well. However, for 
contexts in which attitudes toward fractions may be especially important, such as when explaining 
differences in adults’ decision-making when given ratio information (for example, when evaluat- 
ing the difference between the 1 in 16,400 risk of SIDS when sharing a bed with one’s infant ver- 
sus the 1 in 46,000 risk if not sharing a bed; Doucleff, 2018), asking directly about fraction 
attitudes has the potential to provide a more focused measure that should predict adults’ propen- 
sity to engage deeply with or avoid numeric information of this type. Given the variability with 
which adults’ fraction attitudes are in line with their whole number and general attitudes, asking 
simply about “mathematics” may fail to capture negative attitudes among people who have other- 
wise favorable attitudes toward mathematics. 

Furthermore, it may be important to ask about attitudes toward both whole numbers and frac- 
tions, to index the degree to which children and adults have negative attitudes toward fractions 
despite positive attitudes toward whole numbers or mathematics in general. Asking people about 
their attitudes toward multiple subdomains of mathematics allows researchers to distinguish those 
with attitudes that differ by subdomain from those who feel negatively or positively toward math- 
ematics overall. Measuring differences in specific attitudes, as we have here, may offer more 
insight into children and adults who may differentially engage in numeric tasks, both in and out 
of school, depending on whether the numeric information is presented as fractions, whole num- 
bers, or in other numeric formats. 


Are number concepts integrated? (H2) 


Children’s and adults’ attitudes about math in general were correlated with both their attitudes 
about fractions and their attitudes about whole numbers. However, there was variability in the 
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extent to which people’s attitudes were aligned across whole-number and fraction questions. To 
the extent that differences in attitudes may indicate differences in underlying number concepts, 
divergence in children’s and adults’ attitudes toward fractions and whole numbers may indicate 
poorly integrated fraction and whole-number knowledge. According to the integrated theory of 
whole number and fractions development (Siegler et al., 2011), one key component in the devel- 
opmental trajectory of mathematical cognition is understanding that all rational numbers, includ- 
ing whole numbers, fractions, percentages, decimals, and other types of numbers belong to the 
same mathematical system and have fundamental commonalities. It remains an open question as 
to whether instructional practices that emphasize these commonalities (e.g., whole numbers and 
fractions are similar because they possess magnitudes that can be placed on number lines) would 
lead people to better integrate their knowledge and attitudes about whole numbers and fractions. 

Furthermore, adults’ attitudes about math in general appeared to differ from children’s atti- 
tudes in two ways. First, the correlations between adults’ general attitudes and their specific atti- 
tudes were much higher overall, potentially indicating that children’s specific attitudes were more 
distinct from their general attitudes toward math compared with adults’specific attitudes. 
Children’s concepts of what math encompasses may be more differentiated than adults’ concepts. 
When asked about “math in general,” children may think about various aspects of math in add- 
ition to whole-number and fraction arithmetic, such as geometry, data and statistics, and pattern- 
ing, which are other aspects of elementary and middle grades curricula (see National Governors 
Association Center for Best Practices, Council of Chief State School Officers, 2010). Alternatively, 
adults’ attitudes may have been more strongly correlated simply because many adults had just 
completed a broad range of fraction and whole-number tasks (whereas the children had just com- 
pleted a single diagram-drawing task) or because the measure was more reliable among adults. 

Second, when asked about attitudes toward mathematics generally, adults appear to be think- 
ing more about whole numbers than fractions (Studies 2 and 3). This evidence from adults’ atti- 
tudes is in line with other evidence of a whole-number bias (e.g., Ni & Zhou, 2005; Van Hoof, 
Verschaffel, et al., 2015), in which people who are asked to think generally about numbers (e.g., 
evaluating the accuracy of the statement x+4<.x) often think specifically about whole numbers 
and fail to think about other types of numbers, such as fractions. These findings from the adult 
studies suggest that the differences in specific attitudes toward fractions and whole numbers may 
reflect the extent to which their fraction concepts remain poorly integrated with their other math 
concepts. Interestingly, adults’ attitudes toward whole numbers were more closely aligned with 
their attitudes toward percentages than fractions. This may indicate that many adults perceive 
percentages as if they were whole numbers, ignoring the percentage sign entirely, an error com- 
monly observed in studies of children’s reasoning (see Parker & Leinhardt, 1995). Lending sup- 
port to this interpretation, we found that percentage attitudes were very highly correlated with 
whole-number attitudes and that adding percentage attitudes to our regression model of general 
attitudes explained no additional variance over and above whole-number and fraction attitudes. 
Only a handful of adults in our Study 3 sample (n= 10) reported positive attitudes toward whole 
numbers but negative attitudes toward percentages. 

In line with our interpretation, Moss and Case (1999) have argued that percentages serve as a 
bridge between whole numbers and fractions and have designed an educational intervention 
aimed at teaching children about rational numbers by introducing percentages first. They argue 
that children are more familiar with percentage contexts in their everyday experiences (e.g., a file 
loading), and thus, starting rational-number instruction with percentages allows learners to 
engage with ratios in a context that is both highly familiar and that allows children to draw on 
their whole-number knowledge (e.g., 25% is less than 50% because 25 is less than 50). More 
research is needed to better understand the developmental trajectory of percentage knowledge 
and attitudes and how percentages are perceived to be similar to and different from whole num- 
bers and fractions (Tian & Siegler, 2018). 
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Attitudes, performance, and gender (H3) 


In Study 2, we collected data with a large sample of adults and included measures of specific fac- 
ets of fraction and whole-number performance to explore the relationships between specific atti- 
tudes, math performance, educational attainment, and gender. First, we found that educational 
attainment and gender predicted how much less favorable adults’ attitudes toward fractions were 
in comparison to their whole number attitudes (H3). Adults with higher educational attainment 
felt more similarly toward fractions and whole numbers than adults with less educational attain- 
ment. Experience in higher education may help people to rate fractions less negatively, people 
who rate fractions more positively may be more likely to continue in higher education, or both. 
However, these correlational findings prohibit insight into causal direction. 

Also, we observed that women’s attitudes toward whole numbers and fractions tend to differ 
more than men’s attitudes toward whole numbers and fractions. It is important to note the pre- 
liminary nature of this finding, as no prior research has directly indicated that women’s or girls’ 
attitudes are likely to be more differentiated than men’s or boys’. However, given the importance 
of fraction understanding in the development of mathematics knowledge (e.g., Siegler et al., 
2012), this finding raises questions about whether women’s negative attitudes toward fractions 
might be implicated in gender differences in mathematics achievement in adolescence and adult- 
hood (e.g., Halpern et al., 2007; Hyde et al., 1990). When people have negative attitudes toward 
fractions, they may disengage with mathematics tasks involving fractions. For instance, in a 
recent, unpublished survey of college students’ fraction problem-solving ability conducted as an 
experiment in a research methods course, one undergraduate participant answered the mathemat- 
ics problem 3/4+ 2/3 = __ by typing, “This is my worst nightmare.” Negative attitudes toward 
fractions may contribute to some women’s disengagement from mathematics, regardless of their 
actual mathematics performance or even anxiety (see Lauermann et al., 2017; Wang, Eccles, & 
Kenny, 2013). However, we did not observe gender differences in attitudes among fifth- and 
sixth-graders, raising questions about when stronger, specific fraction attitudes emerge among 
girls or, alternatively, when the “gap” between fraction and whole-number attitudes closes 
among boys. 

Gender differences in mathematics performance is a contentious topic, both in the research lit- 
erature and in public debate. The current study makes an incremental contribution toward a 
more robust understanding of the possible mechanisms (ie., disengagement from rational-num- 
ber instruction) that could contribute to later observed gender differences in achievement 
and attainment. 


Limitations and future directions 


First, one limitation of the current line of studies is our adoption of a broad characterization of 
“mathematics attitudes” that subsumes multiple distinct attitudinal constructs, self-perceived abil- 
ity, preference, and perceived frequency of use. Over the past several decades, a rich history of 
research linking facets of students’ attitudes and their academic goals, performance, and achieve- 
ment (e.g., Ainley et al., 2002; Cooper et al., 2018; Eccles et al., 1993; Wigfield & Eccles, 2000) 
has demonstrated that mathematics attitudes comprise theoretically and empirically distinct con- 
structs. In many cases, these constructs have been shown to have unique, separable effects on 
development, learning, and problem-solving, and thus, it is useful to distinguish between them, 
both in theory and practice. However, here, we have not focused on how number type might 
affect the measurement of children’s and adults’ self-perceived ability, preference, and perceived 
frequency of use, and we have not measured the effects of attitude differences on targeted behav- 
ioral outcomes. Thus, we are unable to conclude whether people’s negative attitudes toward frac- 
tions may matter more for some attitudinal constructs than others. Given that each construct 
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may have unique effects on student mathematics performance and engagement, one important 
future direction is to directly examine the roles that attitudes toward specific facets of mathemat- 
ics may play in these unique pathways. 

Second, the open questions about the relationships between gender, attitudes, mathematical 
performance, and educational attainment reveal a limitation: Because of the correlational nature 
of our data, we are unable to address whether different attitudes toward fractions and whole 
numbers directly affect mathematics learning, development, or engagement or, conversely, 
whether mathematical performance directly affects attitudes. Rather, this study is a first step in 
demonstrating relationships among children’s and adults’ attitudes about specific types of num- 
bers and their mathematical performance. We acknowledge that it was necessary for us to con- 
duct many analyses across four studies, though we note that our main hypothesis was supported 
across all studies with a variety of samples (i.e., less favorable/more negative attitudes about frac- 
tions than other types of numbers). Further work is needed to assess the developmental trajectory 
of gender differences in fraction attitudes; whether these attitudes are malleable; specifically when 
fraction performance is improved; and what role these attitude differences might play in mathem- 
atics engagement. 

Third, one may wonder whether negative attitudes about fractions stem from the fact that 
fraction tasks are accurately perceived as more difficult and requiring more effort than whole 
number tasks to complete. Adults are often less accurate and precise in fraction tasks than they 
are with similar whole-number tasks (e.g., Fazio et al., 2014; Sidney et al., 2018; Siegler & Opfer, 
2003; Thompson & Opfer, 2010, for evidence from number-line estimation), even though adults 
are far removed from direct instruction on either of these facets of mathematics. This difficulty 
with fractions may lead to both greater math anxiety and more negative attitudes toward fractions 
specifically. However, it is important to note that in our current sample, fraction performance did 
not predict differences in attitudes for whole numbers versus fractions in Study 2. We found that 
differences in attitudes cannot be attributed to differences in performance; our data suggest that 
given two people who are equally good with fractions, one may have very similar attitudes toward 
fractions and whole numbers, and one may have very different attitudes toward fractions and 
whole numbers. Thus, these differences in attitudes are not solely a function of the objective diffi- 
culty of whole-number and fraction tasks, though it is an open question as to whether partici- 
pants’ perceived effort on whole-number versus fraction tasks predicts differential attitudes about 
fractions and whole numbers. Furthermore, there was no effect of task order on attitude differen- 
ces in our data. That is, even when participants in Study 2 completed our fraction performance 
measures before rating their mathematics attitudes, they did not report less positive attitudes 
toward fractions (relative to whole numbers) than if they rated their attitudes before completing 
the challenging fraction performance tasks. 

Fourth, the current study does not shed light on the role that familiarity with fractions may 
play in attitudes toward fractions. Experience with numbers in everyday life may impact familiar- 
ity with numbers and thus attitudes about different number types. The Common Core State 
Standards indicates that children begin learning about whole numbers prior to learning about 
fractions, therefore, people may be more familiar with whole numbers than fractions, which may 
translate to more-positive attitudes about whole numbers than fractions. Interestingly, recent 
work has indicated that familiarity plays a role in adults’ equivalent fraction number-line estima- 
tion performance (Fitzsimmons, Thompson, & Sidney, 2019). That is, they are more familiar, 
more confident, and more precise with small component fractions (1/2) than with equivalent 
large component fractions (15/30). 

Familiarity with rational numbers may explain some of the seemingly discrepant results that 
we identified in our data. For example, there was a bigger difference in fraction and whole-num- 
ber attitudes for sixth-graders than for fifth graders. However, our results suggested that with 
increasing years of formal education, this led to a smaller gap in attitudes for adults. Why might 
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this be the case? With increasing years of formal classroom instruction on fractions, children may 
begin to recognize that this topic is particularly difficult; they may be exposed to teachers’ and/or 
parents’ negative attitudes toward fractions; and they may be more capable of monitoring their 
own fraction competency. For adults, we do not have data on the types of majors/professions 
that they pursued, so it could be possible that our highly educated adults chose majors/profes- 
sions that required them to use fractions and other rational numbers in their daily lives, resulting 
in greater familiarity. However, it may be the case that simple familiarity with fractions would 
not explain differences in attitudes, as adults may encounter fractions on a daily basis (e.g., fol- 
lowing recipes, interpreting nutrition labels, measuring distance and length, filling up gas tanks, 
reasoning about fractional units of time and money). Future research will be necessary to tease 
apart the role of familiarity and experience in math attitudes. 

Finally, given that children and adults report different attitudes for different facets of mathem- 
atics and that people find some facets of mathematics to be more difficult than others, one future 
direction of research may be to extend this finding to mathematics anxiety. Some topics in math- 
ematics may elicit anxiety in different ways than others. For example, there is some evidence that 
statistics anxiety may be a separate construct from mathematics anxiety and that gender may play 
a different role in each (see Baloglu, 2004). Recently, there has been a call to examine the degree 
to which different subdomains of mathematics elicit different degrees of mathematics anxiety (see 
Dowker, Sarkar, & Looi, 2016) and our findings regarding differentiated attitudes based on spe- 
cific number types appear to be in line with this general idea. 


Conclusions and educational implications 


In conclusion, we have demonstrated that children’s and adults’ mathematics attitudes are multifa- 
ceted. In addition to having distinct attitudes about ability, preference, and value of mathematics 
(e.g., Cooper et al., 2018; Eccles & Wigfield, 1995), people also differ in their attitudes toward dif- 
ferent types of mathematics (ie., with fractions and whole numbers). Even when people report 
that they “like mathematics,” they may still dislike fractions, despite the prevalence and import- 
ance of fractions in everyday life. Continued research is necessary for revealing relationships 
between attitudes, mathematics performance, math anxiety, educational attainment, gender, and 
how attitudes change or stay the same across the lifespan. Additional research about students’ atti- 
tudes is needed, particularly research about students’ attitudes as they are formally learning about 
different number types in school. Attitudes about different number types may ultimately contrib- 
ute to decisions about whether students engage and persist in STEM majors and professions. 
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Appendix B: Regression analysis results 


Table B1. Study 1 relationships with general attitudes regression analysis results. 
SE 


0.09 
0.07 


Predictor b 
Whole-Number Attitudes 0.45 
Fraction Attitudes 0.39 


Table B2. Study 1 individual differences regression analysis results. 


Predictor b 
Model 1: Difference Scores 
Math Achievement —0.05 
Gender 0.03 
Grade 0.35 
Model 2: Fraction Attitudes 
Math Achievement 0.25 
Gender 0.02 
Grade —0.13 
Model 3: Whole-Number Attitudes 
Math Achievement 0.20 
Gender 0.06 
Grade 0.22 


Table B3. Study 2 relationships with general attitudes regression analysis results. 
SE 


0.04 
0.03 


Note. Unstandardized regression coefficients are reported. 


Predictor b 
Whole-Number Attitudes 0.63 
Fraction Attitudes 0.29 


Table B4. Study 2 individual differences regression analysis results. 


Predictor 


Model 1: Difference Scores 
Order Condition 
Whole-Number Performance* 
Fraction Performance* 

Math Anxiety 


Education —0.05 
Gender —0.18 


Model 2: Fraction Attitudes 
Order Condition 
Whole-Number Performance* 
Fraction Performance* 


Math Anxiety —0.10 


Education 
Gender 

Model 3: Whole-Number Attitudes 
Order Condition 
Whole-Number Performance* 
Fraction Performance* 


Math Anxiety —0.09 


Education 


Gender —0.06 


SE 


0.06 
0.12 
0.12 


0.06 
0.12 
0.12 


0.05 
0.10 
0.10 


SE 


0.01 
0.02 
0.06 
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t value 


5.15 
5.54 


t value 


—0.78 
0.28 
2.83 


4.05 
0.20 
—1.05 


4.08 
0.60 
2.22 


t value 


16.68 
8.29 


t value* 


0.88 
F=2.25 
F=1.25 

1.13 

—2.15 
—3.45 


3.27 
F=3.77 
F=3.78 
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Note. Relationships with whole-number and fraction performance (*) were tested by comparing nested models with and with- 
out the associated predictors: whole-number-magnitude estimation and whole-number fluency for whole-number perform- 
ance and fraction-magnitude estimation (0 to 1, 0 to 5), fraction-magnitude comparison, and fraction arithmetic for fraction 
performance. Thus, F values associated with each model comparison test, rather than t values associated with individual 
predictors, are reported here and in the text. Unstandardized regression coefficients are reported. 
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Table B5. Study 3 relationships with general attitudes regression analysis results. 


Predictor b SE t value 
Model 1 
Whole-Number Attitudes 0.69 0.05 12.66 
Fraction Attitudes 0.36 0.05 7.13 
Model 2 
Whole-Number Attitudes 0.62 0.08 8.09 
Fraction Attitudes 0.31 0.07 4,99 
Percentage Attitudes 0.10 0.09 1.19 


Note. Unstandardized regression coefficients are reported. 
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